Abstract. The method of asymptotic waveform evaluation (AWE) is applied to the combined-field integral equation (CFIE) to achieve fast and accurate frequency-sweep calculations of electromagnetic scattering and radiation by three-dimensional conducting and dielectric objects. The employment of the CFIE eliminates the interior resonance problem suffered by both the electric-field integral equation and the magnetic-field integral equation. It is shown that the use of AWE can speed up the calculation by more than an order of magnitude. It is also shown that when combined with the complex frequency hopping technique, the AWE method can produce an accurate solution within a prespecified frequency band. Numerical examples are presented to demonstrate the performance of the proposed method.
Introduction
Many electromagnetic applications require the calculation of the response of a device over a wide frequency band rather than at one or a few isolated frequencies. For example, for radar target recognition, one has to compute the radar cross section (RCS) of a target over a wide frequency band to generate range profiles and synthetic aperture radar (SAR) images. For the analysis of antennas, especially wideband antennas, one has to calculate the input impedance at many frequency points. Such calculations can be very time consuming when a traditional frequency domain numerical method is used because a set of algebraic equations must be solved repeatedly at many frequency points. The number of algebraic equations is proportional to the electrical size of the problem and can be large for most applications. Therefore there is an urgent need to find efficient solution techniques for determining the frequency response over a frequency band. Some efforts [Newman, 1988] In this paper, the AWE method is applied to the combined-field integral equation (CFIE) to achieve 
where • is the combination parameter ranging from 0to 1.
To solve the CFIE numerically, the conducting surface S is subdivided into small triangular elements and the current on the surface is expanded using the Rao-Wilton-Glisson (RWG)basis function fn(r) [Rao et al., 1982 To obtain the solution of (6) over a wide frequency band, we approximate I(k) with a reduced-order rational Padd function: 
Numerical Examples
To demonstrate the efficiency and accuracy of the proposed method, a number of numerical examples Table 2 . Next, the relation between the bandwidth of AWE and its order is demonstrated using the sphere of radius 0.318 cm. In the above examples, the order of AWE is seven. When this order is increased to 10, the AWE produces an accurate solution from 10 to 70 GHz using only one expansion point at 40 GHz. tolerance, the number of expansion points can be reduced, leading to a larger speedup. The results presented in Figure 4 show the RCS for two different incidence angles and two different polarizations. The AWE method can also be implemented to compute the input impedance of antennas and the mutual coupling between antennas. The basic formulation is similar to what is described in section 2. However, when a wire antenna is attached to a conducting body, one has to design a model to simulate the current flow at the junction. To demonstrate the usefulness of the AWE method, we implemented it into the MOM code described by Chao In addition to PEC objects treated above, the AWE method is also applicable to dielectric objects. A formulation that is widely used for scattering by a dielectric object is the so-called PMCHW [Mautz and Harrington, 1979 
